Purpose: To determine whether media literacy concerning tobacco use is independently associated with two clinically relevant outcome measures in adolescents: current smoking and susceptibility to smoking.
In the United States, cigarette smoking is the leading cause of preventable death and disease [1] . About 90% of individuals with smoking-related deaths began smoking during their adolescence [2] , and each day nearly 4400 American youth between the ages of 12 and 17 years initiate cigarette smoking [3] . Despite efforts to address this rapid uptake of smoking among adolescents, traditional schoolbased smoking prevention programs have not been successful in affecting clinically relevant smoking behaviors [4 -6] .
Youth aged 8 -18 years are exposed to 8 hours and 33 minutes of media content daily [7] , including content offering a substantial number of positive impressions of cigarette smoking [8 -10] . Studies have demonstrated an association between exposure to certain media messages and smoking in adolescents. Over half of the cases of smoking initiation during adolescence are linked to watching smoking in mov-ies [11, 12] , for instance, and the exposure to media messages such as tobacco promotions and advertisements also significantly increases the risk of smoking initiation during adolescence [2, [13] [14] [15] [16] . In light of these findings, media literacy may represent a promising framework for developing innovative school-based smoking prevention programs [17] . Acknowledging the effects of media on attitudes and behavior, media literacy teaches youth to understand, analyze, and evaluate advertising and other media messages, enabling them to actively process media messages rather than passively remain message targets [18, 19] . Media literacy has been shown to be potentially useful in reducing other harmful health behaviors such as alcohol use, disordered eating, and aggression [20 -22] . Additionally, media literacy's potential efficacy is grounded in health behavior theory. In particular, media literacy should reduce certain positive attitudes and norms that, according to the Theory of Reasoned Action, can lead to harmful intentions and behaviors [23, 24] .
It is not surprising, therefore, that organizations such as the American Academy of Pediatrics and the Centers for Disease Control and Prevention recommend media literacy to buffer the impact of media messages on adolescent smoking [17, 25] . Indeed, antismoking media literacy lessons have been well liked by students and have shown initial promise [25] [26] [27] , making media literacy attractive as an intervention. However, these studies focused on the outcomes such as student satisfaction, knowledge, and attitudes, and did not demonstrate that antismoking media literacy is associated with improvements in clinically relevant outcomes related to smoking. We therefore used a reliable, validated scale measuring the construct of smoking media literacy (SML) in youth [24] to determine the degree to which clinically relevant smoking-related outcomes are associated with SML scores in a large group of high school students. We hypothesized that higher media literacy scores would be associated with a decreased likelihood of current smoking and that, among current nonsmokers, those with higher media literacy would have a lower susceptibility to future smoking.
Methods

Participants and setting
The study population for our cross-sectional survey consisted of students attending a suburban public high school outside of Pittsburgh, Pennsylvania with a total enrollment of 1690. The community served by this high school is primarily Caucasian and middle-income. Male and female students were eligible to participate if they were 14 -18 years old and were available to take the survey on the regular school day in January 2005 when it was administered. On this date, 79 students were absent and 86 were unavailable because of in-school suspensions, field trips, or appointments with the nurse or guidance counselor; 1525 students were eligible to participate. The questionnaire was administered by classroom teachers that we trained in methods of minimizing bias and appropriately responding to student queries.
Approval to administer the study questionnaire was granted by the superintendent of the school district and the Institutional Review Board (IRB) of the University of Pittsburgh. Both the superintendent and IRB agreed to a waiver of parental informed consent, because students would not be asked to place their names or any other unique personal identifiers on the questionnaire. The students were invited to complete the questionnaire during their social studies classes, and those who did so were given a packet of trail mix as a reimbursement for their time.
Survey Instrument
We recently developed a scale to measure the independent variable, smoking media literacy (SML). We began with a pool of 120 potential items, tested and refined the scale, and assessed its reliability and validity [24] . The final 10-point SML scale consists of 18 items, representing the three domains and eight core concepts of media literacy listed in Table 1 [24] . The scale contains four items representing the Authors/Audiences domain, nine representing the Meanings/Messages domain, and five representing the Representation/Reality domain. Representative items include "Tobacco companies are very powerful, even outside of the cigarette business" (Authors/Audiences domain), "When people make movies and TV shows, every camera shot is very carefully planned" (Messages/Meanings domain), and "Advertisements usually leave out a lot of important information" (Representation/Reality domain). Each item was evaluated with a four-point Likert scale, and the resulting 54-point scale was divided by 5.4 to generate a value on a 10-point scale. The complete scale can be obtained from the first author at bprimack@pitt.edu
The survey also assessed two clinically relevant smoking outcomes: current smoking, defined as having smoked at least once in the past 30 days, and susceptibility to future smoking, assessed with Pierce's reliable and valid threeitem scale [28] . According to this scale, a person is considered "nonsusceptible" only if he or she answers "definitely no" to the following three items: (1) Do you think that you will smoke a cigarette soon? (2) Do you think you will smoke a cigarette in the next year? (3) If one of your best friends were to offer you a cigarette, would you smoke it? We also assessed several covariates shown previously to be related to current smoking. Demographic information included age, race/ethnicity, gender, and parental education (as a surrogate for socioeconomic status). We also assessed important elements of the students' environment (responsive parenting [29] , demanding parenting [29] , parental smoking, sibling smoking, friend smoking, electronic media use, and stress) and students' intrinsic characteristics (selfreport of school grades, depression [30] , self-esteem [31] , rebellious behavior [32] , sensation-seeking [33] , and knowledge of the harm and addictiveness of tobacco). To mini- mize respondent burden for such a lengthy survey, we selected representative items from these surveys instead of including all items.
Survey Processing and Analysis
Before administering the survey, we established specific criteria to detect and eliminate questionnaires with inconsistent or inappropriate responses. We examined responses to nine specific open-ended items and flagged the data of students who provided impossible or extremely improbable responses (e.g., claims to smoke an average of six complete packs of cigarettes each day). These students' complete data were further scrutinized, and if three or more total responses were deemed to be impossible or extremely improbable, we eliminated the questionnaire from the analysis. In addition, we included a final survey item asking the students to appraise their honesty in answering the survey questions, and we eliminated the surveys of those who admitted providing dishonest answers. We performed all analyses on data from the entire sample as well from the subset who said they were honest to ensure that elimination of data did not affect the overall results.
After performing a descriptive data analysis of the survey responses, we assessed the relationship between the SML scale score and each of the smoking outcomes graphically. We then used logistic regression techniques to determine the bivariate and multivariate associations between SML and current smoking. Finally, we used logistic regression techniques to determine the bivariate and multivariate relationship between SML and susceptibility to smoking among those students who were not current smokers. Our models included all of the potential confounders of current smoking or susceptibility to smoking except for Hispanic ethnicity, because we did not have a sufficient number of Hispanic subjects. We categorized SML in two different ways in these analyses: as a continuous variable and as a dichotomous variable divided at the median SML score. This method of treating SML as a discrete variable was chosen for its simplicity and potential ease of clinical application.
To ensure appropriateness of each of the logistic models, we performed Hosmer-Lemeshow goodness-of-fit testing. We also computed the area under the receiver operating characteristic (ROC) curves associated with all models to determine their overall discriminating power [34] .
Results
Of the 1525 students who were eligible for the study, 1402 (92%) completed the questionnaire. We eliminated 44 surveys that showed a pervasive pattern of impossible or improbable responses and 147 surveys in which students admitted to providing dishonest answers. The number of surveys available for analysis was therefore 1211 (86% of the surveys completed). Those eliminated from the analysis were no different than those included in terms of age, race, or reported parental education, respectively. However, those eliminated were more likely to be male (71% vs. 48%; p Ͻ .001).
The mean age of the 1211 respondents with valid data was 15.9 years, about half (48%) were male, and 92% were white ( Table 2) . With regard to the smoking-related measures, 19% reported current smoking, and 40% of the nonsmokers were classified as susceptible to future smoking.
The mean SML score was 6.8 with a standard deviation of 1.3, and the scores followed a roughly normal distribution ( Figure 1 ). As has been reported previously [24] , in this sample SML was positively associated with socioeconomic status, responsive parenting, demanding parenting, and selfreport of grades. It was negatively associated with rebelliousness and sensation-seeking. The level of SML was also lower in those with siblings, parents, and friends who smoke. With regard to the two primary outcome measures for this study, the SML score had a nearly linear relationship with each ( Figure 2) .
In bivariate analyses, SML and the vast majority of the covariates were associated with the outcome of current smoking (Table 3) . Only race, gender, and self-esteem were not significantly associated with current smoking. In multivariate analyses, we found an independent association between SML and current smoking (Table 3) . A one-point decrease on the 10-point SML scale was associated with an odds ratio for smoking of .84 (95% CI .71-.99). Compared with individuals with SML below the median, the odds ratio for smoking for individuals with scores above the median of smoking was .57 (95% CI .37-.87). Several variables other than SML were also independently associated with current smoking. Better grades and higher knowledge of the harm and addictiveness of smoking had an independent inverse association with smoking (Table  3) . Increasing age, parental smoking, sibling smoking, friend smoking, rebelliousness, and sensation-seeking all independently increased the odds ratio for smoking.
Analyses on susceptibility to smoking were performed only with students who were not current smokers, because this construct was validated in that population [28] . The majority of measured covariates had significant bivariate associations with susceptibility to smoking (Table 4) . However, in multivariate models, only friend smoking, depression, self-esteem, rebelliousness, sensation-seeking, and SML retained independent associations with susceptibility to smoking. A one-point decrease on the 10-point SML scale was associated with an odds ratio for susceptibility to smoking of .68 (95% CI .58 -.79). Compared with individuals with SML below the median, the odds ratio for susceptibility to smoking for individuals with scores above the median of smoking was .49 (95% CI .35-.68). Each of the final logistic regression models in which both current smoking and smoking susceptibility were used as dependent variables showed excellent ability to predict the outcomes with Hosmer-Lemeshow goodness-of-fit testing and ROC curve analysis [34] . When data from all students were included (even from those whose data was eliminated from the final analysis because of having had poor data quality), the results were similar.
Discussion
In our analysis of surveys completed by adolescents in a large suburban high school, we found that higher levels of SML were independently associated with decreased odds ratios for current smoking and smoking susceptibility. In our logistic regression analysis, the association between smoking and SML scores was similar to the association between smoking and many other factors traditionally thought to be important predictors of smoking. Friend smoking, rebelliousness, and sensation-seeking were the only other variables independently associated with both current smoking and susceptibility to smoking. This may be particularly important because SML has been shown in other studies to be practical to teach [18, 24, 35] , unlike characteristics such as rebelliousness and sensation-seeking.
Different methods of categorizing SML scores may be appropriate for different settings. In research settings, investigators may favor the analysis of scores as a continuous variable, because this will allow them to retain the most statistical information and make finer distinctions. In clinical settings, when encounters with patients are brief, however, it may not be feasible to determine a specific numerical SML score. It may be possible, however, to estimate whether an adolescent's level of SML is high or low and then to counsel or intervene as appropriate. As the results of our study indicate, adolescents with SML above the median are about half as likely to smoke and to be susceptible to smoking as those with SML below the median, even when controlling for all measured covariates. Because media messages have been shown to affect not only smoking behavior but also eating behavior, aggression, sexual behavior, and alcohol use [36 -38] , it may be useful to conduct similar studies to determine whether media literacy may also be useful in buffering harmful health behaviors other than smoking. Although it is important to continue to attempt to reduce the amount of exposure to potentially harmful media messages during adolescence, it is not always feasible to do so. Media literacy may therefore be a practical and empowering co-intervention.
Our study had several limitations that deserve mention. First, the study population was drawn from a single large high school. Although the adolescents in the study were homogeneous in terms of their racial and ethnic backgrounds, their baseline values for smoking and for susceptibility to smoking are, in fact, similar to values previously reported [28, 39, 40] . Nevertheless, our findings should be confirmed in more diverse populations. Second, although a cross-sectional study can show associations between SML and smoking, the more clinically relevant question would be whether individuals with different levels of SML will have different rates of initiating the use of cigarettes. This question could ideally be answered with a prospective cohort study, which would be the next logical step. Third, we relied on self-report of smoking, rather than biochemical verification of smoking. We did not verify smoking behavior, however, because of (1) the potential to introduce selection bias; (2) the fact that this would have necessitated active informed consent; and (3) the fact that only a very small proportion of the students were daily smokers in whom cotinine would be detected.
In summary, this study is the first of which we are aware that provides evidence for an independent association between smoking media literacy and both smoking behavior and susceptibility to future smoking among adolescents. Media literacy may therefore represent a promising tool for smoking prevention in this population.
